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Chapter I 
Historical background and 
Introduction of Nanotechnology and 
Nanoscience 
INTRODUCTION 
Nanoscience and nanotechnology are hot topics that are ubiquitous. Nanoscience 
can be defined as the study of phenomena and the manipulation of materials at 
mesoscopic level, where properties differ significantly from those at macroscopic level, 
and nanotechnology is the transfer of these insights into reality for prosperity of mankind, 
i.e. design, characterization, production, and application of structures, devices and 
systems by controlling shape and size at the nanometer scale. These activities arc 
common to human being but the tiny dimensions on which they operate is characterized 
as 'nanotechnology'. Nanoscience and Nanotechnology are distinguished by the size of 
the particles i.e. less than 100 nm (a nanometer is a billionth of a meter). Particles smaller 
than the characteristic lengths associated with particular phenomena often display new 
physics and chemistry, leading to new behaviour, which depends on size. 
Every material has a property which is governed by its characteristic or critical 
length associated with it. This leads to the first observation that materials have been and 
can be nanostructured for new properties and novel performance. For example, the 
resistance of a material resulted from the conduction electrons being scattered out of the 
direction of flow by collision with vibrating atoms and impurities can be characterized by 
a length called the scattering length. This length is the average distance of an electron 
traveled before being deflected. The fundamental physics and chemistry change when the 
dimensions of a solid become comparable to one or more of these characteristic lengths, 
many of which are in the nanometer range. So the electronic structures, conductivity, 
reactivity, melting point and mechanical properties have all been observed to change 
when particles become smaller than the critical size [1]. One of its applications is the 
quantum dot (QD). The QD lasers are presently used to read the compact disks (CDs). 
Nanotechnology is described as a technology for preparing materials using 
nanosize building blocks (1-100 nm) to fabricate macro-size components and devices 
with better physical, chemical and biological properties compared to those of 
conventional bulk materials generally known as crystalline and amorphous materials. 
Nanosize building blocks in the form of nanodots, nanowires and nanosheets having zero, 
one and two-dimensional structure respectively, involve effectively few tens to few 
hundreds of atoms and give rise to prominent size effect, in case, the excitation 
wavelength is comparable to the dimension of the nanostructure. This is also termed as 
quantum confinement effect, which in turn amounts to quantization of excitation 
interacting with nanostructures. These excitations are basically electrons, holes, phonons, 
excitons and photons. Size effect may lead to tunable material properties, which change 
with the variation of size. This effect associated with the s*able material building blocks. 
if retained in its original form during various stages of material processing steps 
involving thermal, mechanical and chemical treatments, imparts extraordinar> 
combinations of material properties not expected under normal conditions. It opens up a 
whole lot of new possibilities, hitherto unknown, to realize materials with multifunctional 
properties caused by nanosize building blocks. Such materials are termed as 
nanomaterials or nanostructured materials to differentiate them from the usual materials. 
There are some examples, in brief, to illustrate extraordinary properties of 
nanomaterials. Nanostructured metal alloys have very high fracture strength when 
compared to microstructured counterparts. Nanostructured catalysts are far more efficient 
and operate at relatively lower temperatures. Super-hard surface coating have been 
successfully developed using nanostructured multiple thin films of hard materials with 
measured hardness exceeding over that of the diamond (hardest known material). 
Semiconducting nanoparticles have tunable discrete energy levels, which could be 
advantageously used for their enhanced electro-optical characteristics such as optical 
absorption lasing action. Nanolaser on a flexible polymer sheet is the future form of laser 
devices being targeted in the present developments. Ultra-violet (UV) absorption o\ 
nanosize titanium dioxide and zinc oxide have been exploited for making sun blocking 
creams, lotions and cosmetics besides manufacturing wrapping paper for keeping the 
food-stuff fresh for a longer duration with superior performances. Nanoparticles could be 
used for targeted drug delivery with controlled drug release at the desired location and 
lasting over a longer duration. Nanocomposites with variety of polymers are going to 
revolutionize a variety of industrial engineering applications besides providing better 
alternatives for human bone structures and other artificial organ transplants. 
Nanomaterials are found to possess excellent sensing properties as compared to their 
microstructured and bulk counterparts and therefore a large variety of chemical and 
biosensors are foreseen to be available soon in the market at very low cost. This will 
provide very reliable instruments to function like electronic nose and electronic tongue 
for industrial applications. Laboratory on a chip concept involving micro fluidic 
structures and appropriate nanosensors will revolutionize the medical diagnostics and 
human health care sectors to a great extent in very near future. Use of nanomaterials in 
paints and other surface coating preparations will provide scratch and corrosion resistant 
behaviour besides self- cleaning features at low cost and such coating will last much 
longer than the normal ones. Nanocomposites are being developed with self -repairing or 
healing characteristics, which will enhance the life of the space vehicles by affecting the 
on board repairs during flights and thus the space research will be less costly in future. 
1.1 Historical Review 
Nanotechnology deals with various structures of matter having dimensions of the 
order of a billionth of a meter. While the word nanotechnology is relatively new, the 
existence of fiinctional devices and structures of nanometer dimensions is not new and 
infact such structures have existed on the earth az long as life itself. Nature depends 
fundamentally on nanostructures and processes operating dt the nanoscale, from simple 
colloids such as milk to highly sophisticated proteins. The abalone, a mollusk, constructs 
very strong shells having iridescent inner surfaces by organizing calcium carbonate into 
strong nanostructured bricks held together by glue made of a carbohydrate protein mix. 
Free nanoparticles also occur naturally as by-products of combustion and cooking. In 
some sense, nanoscience and nanotechnologies are not new: size dependent properties 
have been exploited for centuries. For example, Au and Ag nanoparticles (particles of 
diameter less than 100 nm) have been used as coloured pigments in stained glass and 
ceramics since 10"^  century A.D. Many chemicals and chemical processes have nanoscale 
features and, for example, chemists have been making polymers (large molecules) made 
up of nanoscale subunits for many decades. Nanotechnologies have been used to create 
the features on computer chips for the past 20 years. However, through the invention of 
imaging techniques like the scanning tunneling microscope (STM) and the atomic force 
microscope (AFM), our understanding of the nanoworid has improved dramaticaliy and 
this is leading to an enhanced ability to control structure at the nanoscale. It is still 
ambiguous, as to when human first began to use nanosizc materials. 
History dates back to fourth-century A.D. when Roman glassmakers fabricated 
glasses containing nanosize metals. A cup (called licurgus cup) was made from soda lime 
glass containing gold and silver nanoparticles. The colour of the cup changes from green 
to deep red when a light source is placed inside it. Hence, we can safely conclude that 
technology based on nanosize materials is really not new. 
Summary of chronological developments of nanotechnology in the twentieth century 
is given here. In 1956, Uhlir reported first observation of porous silicon (Si) having 
pores of nanometer dimensions. The porous Si was fluorescent at room 
temperature. Magnetic fluids called Ferro-fluids were developed in 1960s, which consist 
of nanosize magnetic particles dispersed in liquids. A great scientist Richard Feynman in 
1965 envisioned building circuits on nanoscale that could be used as element in more 
powerful computers. First time two-dimensional (2D) quantum wells were developed by 
IBM and Bell laboratories inl970s. Appropriate methods of fabrication of nanostructures 
were developed in 1980s. Fullerene molecule (Ceo) was synthesized in 1985. The 
scanning tunneling microscope (STM) was developed by G.K. Binning and H.Roher at 
IBM laboratory in 1986 and was awarded the Nobel Prize for this. STM is an important 
tool for viewing, characterizing and atomic manipulation of nanostructures. Sumio Lijima 
made carbon nanotubes (CNTs) and superconductivity as well as ferromagnetism was 
found in Ceo structures in 1990s. CNT field effect transistors have been demonstrated 
using carbon nanotubes in place of channel between sources and drain electrodes in the 
ballistic MOSFETs in 1996. 
1.2 Applications, Developments and Opportunities 
A large number of potential applications of nanotechnologies are now opening 
up. Much of nanoscience and nanotechnologies are concerned with producing new or 
enhanced materials. Some nanotechnology-enabled products are already on the niarkcl 
and enjoying commercial success. For example, self-cleaning windows use a 15 nm thick 
coating of activated TiO?. engineered to be highly water-repellent, so that rainwater just 
flows off the surface, washing away the dirt. Nanoparticles are used in some sunscreens 
to reflect and absorb ultraviolet (UV) light. 
Future applications of nanomaterials include lighter, stronger materials, the use of 
nanoparticles to clean up contaminated land, and nano engineered membranes for more 
energy-efficient water purification or desalination. 
Computer chips, CD- and DVD- drives are already operating at nanoscale and 
nanoscience and nanotechnology will continue to have a pivotal role in the progressive 
miniaturization of computer chips and the enhancement of data storage. There is also a 
huge impetus to develop alternative technology and materials to Si. For example, plastic 
electronic devices, using conducting polymers for data storage and transfer, are cheaper 
to manufacture than Si-based devices, and will be particularly suitable for inexpensive 
applications like smart cards, where speed and high memory capacity are less critical. It 
could also enable advances such as roll-up TV screens. 
Nanotechnologies are also enabling the development of smaller, cheaper sensors. 
which will have a wide range of applications from monitoring the pollution in thc 
environment, freshness of food and stresses in a building or a vehicle. 
Much interest is also focused on quantum dots, which are semiconductor 
nanoparticles that can be 'tuned' to emit or absorb particular colours of light for use in 
solar or fluorescent biological labels. 
Applications of nanotechnologies in medicines are especially promising in the 
longer term. These can be expected to enable drug delivery targeted at specific sites in the 
body so that, for example, chemotherapy is less invasive. Nanotechnology is expected to 
lead to stronger, longer-lasting implants; sensors that can be used to monitor various 
aspects of human health; and provide improved artificial cochleae and retinas. However, 
many of these applications will not be realized for at least ten years, partly because of the 
rigorous testing and evaluation that will be required. Antimicrobial wound dressing are 
already on the market in the USA. These use nanocrystalline Ag to provide a steady dose 
of ionic Ag to protect against secondary infections and are claimed to be effective against 
150 different pathogens. 
An interesting aspect of the current decade for nanotechnologies is that, for the first 
time, there is a convergence between the two approaches to create nanostructures, 
particles, and the systems. Top-down manufacturing, oerfected by the semiconductor 
industry over the last 30 years, involves precision engineering and lithography to grind or 
cut bulk materials into tiny pieces and to etch or print nanoscale patterns onto them. 
Bottom-up manufacturing assembles nanostructures from scratch through conventional 
chemical synthesis, self-assembly (chemical bonding to assemble structures, like crystal 
formation), and positional assembly (where atoms or groups are manipulated individually 
into a structure). The two approaches can now control product dimensions of a similar 
order, which opens up exciting new possibilities in hybrid manufacturing. Materials can 
behave quite differently at the nanoscale to the way they do in the bulk. This is both 
because the small size of the particles dramatically increases surface area and therefore 
reactivity, and also because quantum effect start to become significant. This potential 
difference is just what makes them interesting to scientists. However, it also means that 
their toxicity may be different from that of the same chemical in the form of larger 
particles. There are examples where nanoparticles can produce toxic effects even if the 
bulk substance is nonpoisonous. This arises partly because they have increased surface 
area and should the nanoparticles enter the body through inhalation, or absorption 
through the skin. Then they are able to move around and enter cells more easily than the 
larger particles. It is very unlikely that new manufactured nanoparticles could be 
introduced into human bodies in doses sufficient to cause the health effects that have 
been associated with air pollution. Another area of potential exposure to nanoparticles is 
through the use of some cosmetics and sunscreens. For example, Fe203 nanoparticles are 
used as a base in lipsticks. Nanoparticles of Ti02 and ZnO are already in use in certain 
sunscreens, as they absorb and reflect UV radiations, but are also transparent on the skin. 
Studies so far on Ti02 nanoparticles suggest that they do not penetrate the human skin. 
However, as both cosmetics and sunscreens they are intended for use on undamaged skin. 
Thus, nanoparticles and nanomaterials continue to attract a great deal of attention because 
of their potential impact on an incredibly wide range of industries and market. 
Furthermore, carbon-based electronic materials provide examples of materials showing 
the entire range of dimensionalities from fuUerenes which are zero dimensional (OD) QDs, 
to carbon nanotubes which arc one dimensional (ID) quantum wires, to graphite which is 
a 2D layered anisotropic material, and finally to diamond, a three dimensional (3D) wide 
gap semiconductor [2]. 
1.3 Nanotechnology in Electronics (Nano-Electronics) 
In nanotechnology, a new frontier exists on the head of pin. On this frontier 
classical laws of physics that govern the mechanics of our common experience are 
suspended. The exploration of this frontier was spawned by the integrated circuit (IC) 
revolution and the requirements of miniaturization that make ICs possible. ICs now 
pervade our lives and have enabled space flight, the information age, and that toasters 
that get it right every time. Moreover, the same techniques used to integrate and 
manufacture electronics have provided us with the opportunity to fabricate micro 
machining and micro robots. The requirements of miniaturization, micro machining and 
integration are becoming more stringent as the minimum feature size (MFS) shrinks. For 
example, a Pentium processor is comprised of about 4-million electronic switches, and 
each switch is only a few thousand atoms long. These devices are shorter than the 
wavelength of visible light and consequently the conventional means for producing them, 
which employs optical lithography as a key element, cannot be inexpensively extended. 
Following the revolutionary development of technology, there have been numerous 
forecasts of a small wall near an MFS of 100 nm, beyond which conventional IC 
technology will stall because of the cost of fabrication [3, 4]. Yet, there is still no 
consensus on a revolutionary, inexpensive route for producing smaller features to breach 
this wall. An economical route to feature size 100 nm and smaller has been a primary 
motivation for research on the nm frontier. 
The transistor was invented in 1947 [5] for use as an amplifier and electronic 
switch. The invention grew in economic importance as it became a smaller, lower power. 
more reliable alternative to the mature vacuum tube technology but for many years it 
showed lower performance and often at higher cost than the earlier technology. So, the 
transition was slow. We often talk about the revolution caused by the invention of the 
transistor but infact, there was a relatively gradual evolution that continued for decades: 
e.g. the development of Si bipolar junction transistor (BJTs) with a diffused emitter and 
base [6] followed by the development of plane Si transistors [7] and the MOSFET [8, 9]. 
Thus, transistor became the cornerstone of modem computation and communications, not 
because it caused a revolution in electronics, but because it enabled the development df 
the integrated circuit (IC). The growth in complexity of Si IC technology as measured by 
number of transistor in a dynamic random access memory (DRAM) is shown in Fig: 1.1. 
Moore's law follows this astounding trend in complexity, which states, "The 
number of transistors incorporated on a memory chip doubles every year and a half [10]. 
This has resulted from continual improvements in design factors such as interconnectivity 
efficiency, as well as from continual decreases in size. Economic considerations driving 
this revolution are the need for more and greater information storage capacity, and the 
need for faster and broader information dispersal through communication networks. 
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Another major factor responsible for nanotechnology revolution has been the provident 
of old and the introduction of new instrumentation system for evaluating and 
characterizing nanostructures. 
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Fig: 1.1 The complexity curve adapted from Moore shows the development 
of information storage capacity of silicon DRAM chips with year. 
An important impetus that caused nanotechnology to advance so rapidly has been the 
development of instrumentation such as the STM that allows the visualization of the 
surfaces of nanometer-sized materials. Development of large-scale inexpensive methods 
of fabrication is a major challenge for nanoteclinology if it is to have an impact on 
technology. 
1.4 Chemical Approaches in Nanotechnology 
Presently "nanotechnology" is an idea rather than a reality. There are no practical, 
manufacturable methods to make complex materials, machines, and electrical circuits on 
the nanometer scale. But there is a growing "Nanoscience" research effort mvolvmg 
ideas and methods drawn from interdisciplinary sciences like chemistry, physics, and 
engineering. The main technological issue is the control of natural processes to make 
assemblies of nanometer components in useful ways. 
The "nanoscale" length is intermediate between the traditional realms of synthetic 
chemistry, and VLSI lithographic processing as employed in electronics. The two broad 
approaches to Nanoscience i.e. "bottom-up" and "top-down", represent extensions of 
these methods, respectively, into the intermediate territory. 
1.5 From the Top down 
First approach to the preparation of nanostructures starts with a large-scale object or 
pattern and gradually reduces its dimension or dimensions called as the "top-down" 
approach which uses lithography (e-beam, x-ray) or scan probe methods (AFM, STM) 
to create and explore nanometer structures. Lithography technique shines radiation 
through template on to a surface coated with a radiation-sensitive resist; the resist is then 
removed and the surface is chemically treated to produce the nanostructure. 
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The other approach to the preparation of nanostructure is to collect, consolidate, and 
fashion individual atoms and molecules into the structure, called the "bottom-up" 
approach which develops chemical synthetic "self-assembly" methods to create and 
explore nanostructure. This involves a sequence of chemical reactions controlled by 
catalysts, to give an example from biology, catalysts called enzymes assemble amino 
acids to construct living tissue that forms and supports the organs of the body. This 
explains how nature brings about this variety of self-assembly. 
Semiconductor nanocrystals are building blocks in the case of nanotechnology of 
integrated circuits. The optical and electrical properties are size dependent while surface 
chemistry determines charge transfer and electron-hole recombination kinetics. The 
quantum mechanics of 3D confinement is now moderately well understood. The 
semiconductor nanocrystals' (such as nanocrystalline material TiO:) families show the 
potential of chemical synthesis to create gram amounts of high quality nanocrystals, with 
chosen and variable surface chemistry [11]. 
1.6 From the Bottom up: Building Things with Atoms 
The revolution in the electronics industry and the chemical as well as drug industries 
has been brought about by an ability to build two kind of small things: molecules and 
electronic circuits. The challenge faced by the electronics industry is opposite to that 
faced by the chemical and drug industries. While the electronics industry strives to build 
ever-smaller circuits, the chemical and drug industries strive to build ever larger and 
more complex molecules. The electronics industry makes its circuits in a top down 
approach using lithographic techniques to whittle circuits out of a block of silicon, while 
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the chemical and drug industries use the bottom up approach of swirhng together 
chemical sub-units in such a way that huge numbers of the desired molecule or product 
are ultimately created. 
Atom manipulation was made possible by the invention of a most remarkable and 
versatile instrument STM [12]. The STM is an instrument capable of creating atomic 
resolution images of the surface of electrically conducting materials such as metals and 
semiconductors. 
Just as the blind person can sense not only the shape of the object, but also its 
texture, compressibility and thermal conductivity, the STM can tell us much more about a 
surface than just its shape. We can use it to study how the electrons in the near- surface 
layer have arranged themselves not only spatially, but also energetically. Even more 
remarkable, just as the blind person can push, pull, pick up and put down objects on a 
table top, so too can we push, pull, pick up and put down surface atoms using the tip of 
the microscope. Here is how it is done. 
In Fig: 1.2 (A), we see a schematic illustration of an atom, which lies on top of a 
metal surface. The forces, which hold the atoms to the surface, are due to the chemical 
binding of the atoms to the nearby atoms of the surface. These forces are schematically 
represented by springs shown in Fig: 1.2. To image this atom, the tip is scanned over the 
surface following a trajectory shown by the dashed line in Fig: 1.2 (A). Under these 
conditions, the separation between the tip and the atom on the top of the surface (called 
an "adatom") are great enough so that any forces between the tip and the adatom are 
negligible, the result being that the adatom will hold still to have its picture taken. 
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Just as there are chemical binding forces between the adatom and the nearby 
atoms of the surface, there will a chemical binding force between the adatom and the 
outermost atom(s) of the tip. In Fig: 1.2 (B), we have schematically represented the 
chemical bonding interaction between the tip and the adatom as a spring. This is called 
"tunable bond" because both the direction and the magnitude of the force exerted on the 
adatom can be tuned simply by adjusting the position of the tip. Now it turns out that for 
a wide range of adatom, and even for groups of adatom or molecules, it is possible to 
adjust the height of the tip so that in-plane force exerted by the tip on the adatom is great 
enough to overcome the in-plane forces between the adatom and the underlying surface, 
yet at the same time the out of plane force exerted on the adatom by the tip is not so great 
as to overcome the out-of-plane forces between the surface and the adatom. When these 
conditions are achieved, it is possible to move the tip sideways and drag the adatom along 
the surface. This process, called the sliding process, allows one to position adatoms with 
atomic scale precision. The trick is to be able to successfully switch between operating 
the microscope in an imaging mode with the tip at a height where its interaction with the 
adatom is negligible, to operating the microscope in the manipulation mode with the 
force between the tip and the adatom sufficient to drag the adatom along the surface 
under the tip. The sliding process [13] is indicated in Fig: 1.3. 
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Fig: 1.2. (A) In the imaging mode the tip is stabilized far enough above the 
surface so that the interaction between the tip and the adatom is negligible. (B) In 
the manipulation mode the tip is brought close enough to the adatom to drag the 
adatom along the surface. The force exerted on the adatom by the tip is due to the 
partially formed chemical bond between the tip and the adatom. 
In order to work correctly the sliding process, it is better to use combinations of adatoms 
and the surfaces where the lateral, or in-plane, interaction between the adatoms and the 
surfaces is not much. The weak in plane interaction between adatoms and surfaces means 
that very little thermal shaking of the adatoms would be required in order to its 
spontaneous hopping from site to site across the surface, that is, to undergo thermal 
diffusion. The thermal diffusion is generally undesirable because it causes the 
randomization of the location of adatoms, thus destroying the work of placing the 
adatoms at particular locations. 
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SURFACE 
Fig: 1.3. Schematic diagram of the sliding process. The tip is placed above the 
adatom and then lowered to an empirically determined height at which the 
attractive interaction between the tip and adatom is sufficient to pull the adatom 
along the surface. Once the adatom is moved to its final location, the tip is raised 
back to the height used for imaging, effectively terminating the tip- adatom 
interaction. 
The solution to this problem is to conduct the experiment at low enough 
temperature so that the rate of thermal diffusion is very slow compared to the duration of 
the experiment. This can be achieved by cooling the sample and the tip of the microscope 
to the temperature of liquid helium. Cooling to liquid helium temperature introduces 
some complication in the design of the apparatus, but it brings a variety of ad\ antagcs 
relative to the overall performance of the STM. The STM is contained in a vacuum vessel, 
which is designed to provide a degree of vacuum sufficient to maintain the surface of a 
sample clean for weeks at a time (a metal surface exposed to atmospheric pressure would 
be contaminated with a monolayer of gas molecules in about one microsecond, thus the 
need for so called "Ultra-High Vacuum"). In addition, the chamber where the microscope 
is kept along with everything within that chamber is cooled to liquid helium temperature 
for the above-mentioned reasons. The application of atom manipulation for technological 
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. purposes is, at the moment, far beyond sensible consideration. On the other hand, it is 
likely that in the years ahead atom manipulation will be heavily exploited as a scientific 
tool. 
At present, we have no concept of how to assemble nanocrystals into a complex, 
designed circuit, with anything like the generality of present micrometer scale 
lithographic silicon technology. Infact, we need to convince ourselves that this is a 
practical and worthwhile goal on the nanometer scale. Over long time scales, unexpected 
discoveries can change human perspective on the importance and relative priority of such 
heroic tasks. Last time, it has been realized that "quantum computation" offers a major 
scaling advantage in parallel processing, when compared with macroscopic computer 
algorithms [14]. "Quantum computation" conceptually operated by coherent wave 
function propagation in a microscopic system. Loosely speaking, nature herself does the 
computation. Perhaps some new ideas such as this will provide the momentum necessary 
for a major assault on creation of a practical nanotechnology. Somehow, physics, 
chemistry and electronics manufacturing will ultimately meige on the nanometer scale. 
1.7. Background of some materials related to the dissertation 
Nanoscience and nanotechnologies offer great opportunities. In the longer term, it 
is hoped that nanotechnologies will enable more efficient approaches to manufacturing 
using less raw materials and energy. However, we have concerns about manufactured 
nanoparticles and nanotubes that are in a form where they are free to interact with 
humans or the environment. The present dissertation describes the synthesis and 
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characterization of some metallic nanomaterials like nickel (Ni), Tungsten (W) and iron 
oxide whose background is described below in a nutshell.. 
Ni novel nanocomposites are expected to act as a catalyst for various functional 
materials such as orderly arrayed carbon nanotubes. Colloidal Ni nanoparticles have 
attracted a lot of attention as catalyst for many organic reactions. Because, they have 
characteristic high surface to volume ratio and consequently a lot of metal nanoparticles 
are located near the surface and thus available for catalyst. In contrast to the metallic-
spectral line shape of Ni metal, the spectra of the Ni nanoparticles display an ionic 
multiplet structure indicating that Ni state of the nanoparticles is an ionic Ni oxide state 
rather than metallic state. 
Tungsten nanoparticles are also important in various ways. Tungsten, along with its 
alloys and compounds, occupies a unique position in materials science. The material 
properties that make tungsten attractive to the metals industry are high density, hardness, 
melting temperature, elastic modulus, and conductivity in conjunction with the low 
thermal expansion. The combination of these unique properties explains the diverse 
applications of tungsten ranging from home lighting to thermonuclear fusion first-wall 
protection. With nanoscale tungsten powders available at a reasonable cost, its usage will 
increase greatly and a new approach is required to balance the size dependent advantages 
against the temperature dependent, limitations. Therefore, it is of great importance to 
understand the thermal stability of tungsten nanoparticles for their applications at higher 
temperatures. 
19 
Different oxides of iron are used extensively in the fields of high-density magnetic 
storage semiconductor devices and as photo-catalysts [15]. Goethite [a-FeO(OH)] is a 
common form of iron oxide, which is produced through the weathering of other iron-rich 
minerals. It is generally yellowish in color and well known since pre-historic times, for its 
use as a pigment. It has an open channel structure, which accounts for its extraordinary 
capability to incorporate and fix ions from migrating solutions. Hematite (a-Fe203) is one 
of the most commonly studied phases, due to its interesting chemical and physical 
properties. It has been demonstrated as an anode for photoassisted electrolysis of water, 
as an active component of gas sensors, as a photocatalyst as well as an ordinary catalyst. 
ID iron oxide nanostructures, such as nanowires and nanotubes are of particular interest. 
For example, hematite ID nanostructures have applications in lithium ion battery 
electrodes, gas sensors, field-effect transistors, and field emission cathodes. Hematite 
nanowires have been synthesized by many different techniques including surface 
oxidation, thermal oxidation and electrochemical deposition. 
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Chapter H 
Experimental Techniques 
INTRODUCTION 
This chapter presents a concise description of materials processing and 
characterization techniques. Various techniques used to characterize the sample are 
briefly discussed below viz. sample preparation by Excimer laser, Infrared Spectroscopy, 
Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), 
Scanning Tunneling Microscopy (STM) and Atomic Force Microscopy (AFM). 
2.1 LASER 
2.1.1 Introduction 
This was the state of affairs until 1954 when a certain development fired the 
imagination of the physicist. Their attention was turned to an entirely new area, which 
has completely revitalized basic research in spectroscopy. This is the area of coherent 
optical processes. Laser (Light Amplification by stimulated Emission of Radiation) is a 
spectacular manifestation of this process. This discovery made an enormous impact on 
the scientific world and showed that optics is very much alive by being able to generate 
highly coherent signals. Physicist soon realized that they had at hand a new and beautiful 
tool which was simply in its basic ideas, requiring minimum of equipment and likely to 
have ingenious applications. The various types of Lasers are shown in Fig: 2.1. 
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incliide 
gas lasers 
such as 
Fig: 2.1 Different types of Lasers 
2.1.2 Excimer Laser 
These lasers represent an interesting and important class of molecular laser involving 
transition between different electronic states of special molecules referred to as excimers. 
In this species potential energy curve shows a minimum for the excited state and 
molecule is bound in this state i.e. it exists in dimer form. Such a molecule is called an 
excimer, a contraction of the word excited dimer. A large fraction of excimers are 
somehow produced in the given volume of the medium. Under appropriate conditions 
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laser action can then occur on the transition between the upper (bound) state and the 
lower (free) state (bound-free transition). 
This is referred to an excimer laser. Excimer lasers have three notable and important 
properties. 
1. Since the transition occurs between different electronic states of a molecule the 
corresponding transition wavelength generally falls in UV spectral region. 
2. Once the molecule reaches the ground state having undergone stimulated 
emission, it rapidly dissociates due to the repulsive potentials of this state. This 
means that the lower laser level can be considered empty so the laser operates 
according to the four level laser schemes. 
3". Due to the lack of energy levels in the ground state, no rotational-vibrational 
transitions there exist and the transition is observed to be featureless and relatively 
broad. 
We consider a particularly important class of excimer laser in which a rare gas atom 
(notably Kr, Ar, Xe) is combined in the excited state with halogen atom (notably F, CI) to 
form a rare-gas-halide excimer. _—; _ 
2.1.3 How does Excimer laser work? 
The lasing medium in this type of laser is an excited diatomic molecule. These lasers 
typically produce ultraviolet pulses. 
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The inert gas is electronically excited by an electrical current and reacts with reactive gas 
(generally fluorine) to form excited species; ArF, KrF, XeF; known as "excited dimers" 
or excimers. 
Molecules like XeF are stable only in their excited states and quickly dissociate when 
they make the transition to their ground state. 
This makes possible large population inversions because the ground state is depleted by 
this dissociation. 
However, the excited states are very short-lived compared to other laser metastable states, 
and lasers like the XeF excimer laser require high pumping rates. 
Excimer lasers typically produce high power pulse outputs in the blue or ultraviolet after 
excitation by fast electron-beam discharges. 
Most "excimer" lasers are of the noble gas halide type, for which the term excimer is 
strictly speaking a misnomer (since a dimer refers to a molecule of two identical or 
similar parts): The correct but less commonly used name for such is exciplex (EXCITED 
COMPLEX) laser. Wavelengths of different excimer lasers are shown in Table 2.1. 
2.1.4 Krypton fluoride laser (Our Laser) 
This laser utilizes the chemical property of krypton gas and the strong oxidizing 
power of fluorine gas to produce laser between the two with the stimulation of a strong 
electron energy input. 
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The following molecules are formed. 
Excited state: 
2Kr (g) + F2 (g) + energy = 2KrF (g) 
Ground state: 
2KrF(g)=2Kr(g)+F2(g)+energy 
Table 2.1: Wavelengths of different excimer lasers 
Wavelength 
Xe2* 
^ P 
KrF 
XeBr 
XeCl 
XeF 
CaF2 
'172&175nm 
193 nm 
248 nm 
282 nm 
308 nm 
351 nm 
193 nm 
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KrCl 
CI2 
N2 
222 nm 
259 nm 
1 
337 nm 
i 
2.1.5 Action of Excimer Laser and the sample preparation 
Rather than burning or cutting material, the excimer laser adds enough energy to 
disrupt the molecular bonds of the surface tissue as shown in the Fig:2.2 which 
effectively disintegrate into the air in a tightly controlled manner through ablation. 
Methanol in 
Lens 
CD 
W 
CD 
Iron 
Powder 
Motorised stage 
Products 
out 
Fig: 2.2 Lasing action during the sample preparation. 
28 
The excimer lasers can remove exceptionally fine layers of surface material with aliiii 
no heating or change to the remainder of the material which is left intact. 
These properties make excimer lasers well suited to precision micromachining organic 
material, or delicate surgeries such as eye surgery. 
The powder of the materials (Ni, W or Fe) with size 60-100 Im was kept in the vessel 
under liquid like water or methanol. Then the pulsed laser was started to irradiate ilx 
powder through the liquid. The powder in vessel was scanned thoroughly by the laser as 
it was put on a motorized stage (Fig. 2.2) which could move as we wish. The scanning of 
the material with 5-10 min resulted the nanoparticles with nanometer size as discussed in 
Chapter III. 
2.1.6 Uses of Excimer Laser 
The high-power ultraviolet output of excimer lasers makes them useful for eye 
surgery, lithography for semiconductor manufacturing etc. 
2.1.7 Disadvantage 
Excimer lasers are quite large and bulky devices, which is a disadvantage in their 
medical applications, although their size is rapidly decreasing with ongoing 
development. 
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2.2 Infrared Spectroscopy 
Infrared (IR) spectroscopy is one of the most common spectroscopic techniques used 
by organic and inorganic chemists. Simply, it is the absorption measurement of different 
IR frequencies by a sample positioned in the path of an IR beam. The main goal of IR 
spectroscopic analysis is to determine the chemical funt''onal groups in the sample 
Different functional groups absorb characteristic frequencies of IR radiation. Using 
various sampling accessories, IR spectrometers can accept a wide range of sample types 
such as gases, liquids, and solids. Thus, IR spectroscopy is an important and popular tool 
for structural elucidation and compound identification. IR radiation spans a section of the 
electromagnetic spectrum having wavenumbers from roughly 13,000 to 10 cm', or 
wavelengths from 0.78 to 1000 |j.m. It is extended up to the red end of the visible region 
at high frequencies and the microwave region at low frequencies. IR absorption positions 
are generally presented as either wavenumbers (v) or wavelengths (L). Wave number 
defines the number of waves per unit length. Thus, wave numbers are direct!} 
proportional to frequency, as well as the energy of the IR absorption. The wavenumber 
unit (cm"', reciprocal centimeter) is more commonly used in modem IR instruments that 
are linear in the cm"' scale. In contrast, wavelengths are inversely proportional to 
frequencies and their associated energy. Transmittance, T, is the ratio of radiant power 
transmitted by the sample (I) to the radiant power incident on the sample (lo). Absorbance 
(A).is the logarithm to the base 10 of the reciprocal of the transmittance (T). 
A = log,o(l / T) = -logioT = -logio (I / lo) 
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The transmittance spectra provide better contrast between intensities of strong and 
weak bands because transmittance ranges from 0 to 100% 7 whereas absorbance ranges 
from infinity to zero. The analyst should be aware that the same sample will give quite 
different profiles for the IR spectrum, which is linear in wavenumber, and the IR plot. 
which is linear in wavelength. It will appear as if some IR bands have been contracted n 
expanded. The IR region is commonly divided into three smaller areas: near IR 
(wavenumber: 13000^000 cm"', wavelength: 0.78-2.5 |im), mid IR (wavenumber: 
4000-200 cm"' wavelength: 2.5-50 [im), and far IR (wavenumber: 200-10 cm 
wavelength: 50-1,000 |im). The far IR requires the use of specialized optical materials 
and sources. It is used for analysis of organic, inorganic, and organo metallic compounds 
involving heavy atoms (mass number over 19). It provides useful information tc 
structural studies such as conformation and lattice dynamics of samples. Near IR 
spectroscopy needs minimal or no sample preparation. It offers high-speed quantitative 
analysis without consumption or destruction of the sample. Its instruments can often be 
combined with UV-visible spectrometer and coupled with fiberoptic devices for remote 
analysis. Near IR spectroscopy has gained increased interest, especially in process control 
applications. 
2.3 Scanning Electron Microscopy (SEM) 
The Scanning Electron Microscope (SEM) was firstly designed by Manfred von 
Arderme in 1937 [1, 2]. It was further developed by Charles oatley. Schematic diagram of 
SEM as shown in Fig: 2.1, is used for probing of the surfaces and microstructural 
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characterization of the soUd samples [3]. This technique is widely used to get information 
about the topographical features, morphology, phase distribution, crystal structure, crystal 
orientation and the presence and location of defects. 
2.3.1 Basic Principle of SEM 
In SEM, as name suggests, the electron beams are moved by the electric field to scan 
the sample. In this technique, a beam of electron is produced by heating of a metallic 
filament. The electron beams, focused with the help of electromagnetic lenses, falls on 
the sample with energy typically ~30 keV. When the beam strikes on the surface of the 
sample, backscattered electrons, secondary electrons. Auger electrons and photons are 
ejected from the sample with typical energy value. Detectors collect the secondary or 
backscattered electrons and an image is produced on a cathode ray tube screen by 
recording the intensity of the detected signal as a function of position. The signal 
magnitude varies as a result of differences in surface topography as the electron beam is 
scanned across the sample surface. In this way, SEM can be employed to visualize 
surface features with a good resolution of the order of nanometers. 
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Spectnen 
Fig: 2.1 Schematic diagram of scamiing electron microscope (SEM) 
2.3.2 Working Principle of SEM 
In SEM, tungsten or lanthanum hexaboride (LaBe) cathodes are used for thermionic 
emission of electrons and they are accelerated towards an anode. Electrons can also be 
emitted via field emission (FE). Tungsten is used because it has the highest melting pomi 
and lowest vapour pressure of all metals, thereby allowing it to be heated for electron 
emission. The electron beam, which typically has an energy ranging from a few eV to 
100 keV, is focused by one or two condenser lenses into a beam with a very fine focal 
spot sized 0.4 to 5 nm. The beam passes through pairs of scanning coils or pairs ol 
deflector plates in the electron optical column, typically in the objective lens, which 
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deflect the beam horizontally and vertically so that it scans in a raster fashion over a 
rectangular area of the sample surface. When the primary electron beam interacts with the 
sample, the electrons lose energy by repeated scattering and absorption within a teardrop-
shaped volume of the specimen known as the interaction volume, which extends from 
less than 100 rmi to around 5 ^m into the surface. The size of the interaction volume 
depends on the electrons' landing energy, the atomic number of the specimen and the 
specimen's density. The energy exchange between the electron beam and the sample 
results in the emission of electrons and electromagnetic .adiation, which can be detected 
to produce an image, as described below. 
2.3.3 Sample preparation 
In the case of metal specimens no special preparation for SEM is required except for 
trimming to appropriate size to fit in a specimen chamber, and make appropriate 
sectioning if necessary. 
Coating of conductive material is used over nonconductive solid specimens except when 
observed with variable vacuum or environmental SEM. An ultrathin coatmL! ol 
electrically-conducting material is deposited either by high vacuum evaporation or by 
low vacuum sputter coating of the sample. This is done to prevent the accumulation of 
static electric fields at the specimen due to the electron irradiation during imaging. Such 
coatings include gold, gold/palladium, platinum, tungsten, graphite etc. Another reason 
for coating, even when there is more than enough conductivity, is to improve contrast, a 
situation more common with the operation of a FESEM (field emission SEM). 
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Embedding in a resin with further polishing to a mirror-like finish could be beneficial for 
both biological and materials specimens, especially when imaging in backscattered 
electrons or X-ray microanalysis are performed. 
A biological specimen requires fixation to preserve its structure, which is usuall> 
performed by incubation of specimen in solution of fixative, such as gluteraldehyde or 
formalin. 
If not used in ESEM, biological specimen then should be dehydrated, usually by 
replacing water with organic solvents such as ethanol or acetone, and then removing 
solvents. 
If SEM is equipped for cryo-microscopy, then cryofixation could be used. Cryofixation -
freezing a specimen so fast, to liquid nitrogen or even liquid helium temperatures, that the 
water forms vitreous (non-crystalline) ice. This preserves the specimen in a snapshot of 
its solution state. An entire field called cryo-electron microscopy has branched from this 
technique. With the development of cryo-electron microscopy of vitreous sections 
(CEMOVIS), it is now possible to observe virtually any biological specimen close to its 
native state. 
Another cryo-technique for biological specimens is cryo-fi:acture, when frozen specimen 
is fractured in special apparatus, sputter coated and transferred into SEM cryo-holder 
while still frozen. 
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Due to the loss of information, gold coating is often a semi-destructive process since 
removing a gold coating chemically requires aggressive chemicals like potassium cyanide 
or aquaregia. 
Alternative techniques, for example the low-vacuum environmental SEM, allow samples 
to be imaged without such plating and without the loss of natural contrast arising from 
the beam-specimen interaction. Gold has a high atomic number and produces high 
topographic contrast and resolution but the information thus produced can obscure the 
underlying fine detail of the specimen under examination. 
2.3.4 Modes of operation 
(a) Secondary electron mode 
The most common imaging mode monitors low energy (<50 eV) secondary electrons. 
Due to their low energy, these electrons originate within a few nanometers from the 
surface. The electrons are detected by an Everhart-Thomley detector which is a type of 
scintillator-photomultiplier device and the resulting signal is rendered into a two-
dimensional intensity distribution that can be viewed and saved as a Digital image. This 
process relies on a raster-scanned primary beam. The brightness of the signal depends on 
the number of secondary electrons reaching the detector. If the beam enters the sample 
perpendicular to the surface, then the activated region is uniform about the axis of the 
beam and a certain number of electrons "escape" from within the sample. As the angle of 
incidence increases, the "escape" distance of one side of the beam will decrease, and 
more secondary electrons will be emitted. Thus steep surfaces and edges tend to be 
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brighter than flat surfaces, which resuUs in images with a well-defined, three-dimensional 
appearance. Using this technique, resolutions less than 1 nm are possible. 
(b) Backscattered electron mode 
Backscattered electrons consist of high-energy electrons originating in the electron 
beam that are reflected or back-scattered out of the specimen interaction volume. 
Backscattered electrons may be used to detect contrast between areas with different 
chemical compositions, especially when the average atomic number of the various 
regions is different, since the brightness of the BSE image tends to increase with the 
atomic number. 
Backscattered electrons can also be used to form electron backscatter diffraction (EBSD) 
image. This image can be used to determine the crystallographic structure of the 
specimen. 
There are fewer backscattered electrons emitted from a sample than secondary electrons. 
The number of backscattered electrons leaving th'^  sample surface upward might be 
significantly lower than those that follow trajectories towad the sides. Additional)}, in 
contrast to the case with secondary electrons, the collection efficiency of backscattered 
electrons cannot be significantly improved by a positive bias common on Everhart-
Thomley detectors. This detector positioned on one side of the sample has low collection 
efficiency for backscattered electrons due to small acceptance angles. The use of a 
dedicated backscattered electron detector above the sample in a "doughnut" type 
arrangement, with the electron beam passing through the hole of the doughnut, greatl> 
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increases the solid angle of collection and allows for the detection of more backscatterecl 
electrons. 
(c) Beam-injection analysis of semiconductors 
The nature of the SEM's probe, energetic electrons, makes it uniquely suited to 
examining the optical and electronic properties of semiconductor materials. The high-
energy electrons from the SEM beam will inject charge carriers into the semiconductor. 
Thus, beam electrons lose energy by promoting electrons from the valence band into the 
conduction band, leaving behind holes. 
In a direct band gap material, recombination of these electron-hole pairs will result in 
Cathodoluminescence; if the sample contains an internal electric field, such as is present 
at a p-n junction, the SEM beam injection of carriers will cause electron beam induced 
current (EBIC) to flow. 
Cathodoluminescence and EBIC are referred to as "beam-injection" techniques, and are 
very powerful probes of the optoelectronic behaviour of semiconductors, particularly for 
studying nanoscale features and defects. 
(d) Cathodoluminescence 
Cathodoluminescence, the emission of light when atoms excited by high-energy 
electrons return to their ground state, is analogous to UV-induced fluorescence, and some 
materials such as zinc sulphide and some fluorescent dyes, exhibit both phenomena. 
Cathodoluminescence is most commonly experienced in everyday life as the light 
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emission from the inner surface of the cathode ray tube in television sets and computer 
CRT monitors. In the SEM, CL detectors either collect all light emitted by the specimen. 
or can analyze the wavelengths emitted by the specimen and display a spectrum or an 
image of the Cathodoluminescence in real color. 
(e) X-ray microanalysis 
X-rays, which are also produced by the interaction of electrons with the sample, may 
also be detected in a SEM equipped for energy-dispersive X-ray spectroscopy or 
wavelength dispersive X-ray spectroscopy. 
2.3.5 Typical resolution of the SEM 
The spatial resolution of the SEM depends on the size of the electron spot, which in turn 
depends on both the wavelength of the electrons and the magnetic electron-optical system 
which produces the scanning beam. The resolution is also limited by the size of the 
interaction volume, or the extent to which the material inteiacts with the electron beam. 
The spot size and the interaction volume both might be large compared to the distances 
between atoms, so the resolution of the SEM is not high enough to image individual 
atoms, as is possible in the shorter wavelength (i.e. higher energy) transmission electron 
microscope (TEM). The SEM has compensating advantages, though, including the ability 
to image a comparatively large area of the specimen; the ability to image bulk materials 
(not just thin films or foils); and the variety of analytical modes available for measuring 
the composition and nature of the specimen. Depending on the instrument, the resolution 
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can fall somewhere between less than 1 nm and 20 nm. In general, SEM images arc 
easier to interpret than TEM images. 
2.3.6 Environmental SEM 
Conventional SEM requires samples to be imaged under vacuum, which means that 
samples that would produce a significant amount of vapour, e.g. biological samples, need 
to be either dried or cryogenically frozen. This means that processes involving transitions 
to or from liquids or gases, such as the drying of adhesives or melting of alloys, liquid 
transport, chemical reactions and solid-air-gas systems in general could not be observed. 
The first commercial development of the environmental SEM (ESEM) in the late 19S0^ 
[4,5] allowed samples to be observed in low-pressure gaseous environments (e.g. 1-50 
Torr) and high relative humidity (up to 100%). This was made possible by the 
development of a secondary-electron detector [6, 7] capable of operating in the presence 
of water vapour and by the use of pressure-limiting apertures with a differential pumping 
in the path of the electron beam to separate the vacuum regions around the gun and lenses 
from the sample chamber. 
The first commercial ESEMs were produced by the ElectroScan Corporafion in USA in 
1988. ElectroScan were later taken over by Philips (now FEI Company) in 1996. 
ESEM is especially usefiil for non-metallic and biological materials because coating with 
carbon or gold is unnecessary. Plastics and Elastomers can now be routinely examined, as 
can biological samples. Coating can be difficult to reverse, and may reduce the value of 
the resuhs obtained. For example very small details on the surface of the sample may be 
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concealed by the coating, let alone that coating is done under vacuum, which drastically 
alters hydrated specimens. 
2.4 Transmission Electron Microscopy (TEM) 
The transmission electron microscope (TEM) has emerged very powerfiil tool for 
probing the structure of metals and alloys whose schematic diagram is shown in Fig.2.2 It 
can give morphological information of shape and size of phases in a microstructure. It 
can reveal the nature of crystallographic defects. Structural information can be obtained 
from the TEM directly as well as indirectly. TEM is capable of yielding composition 
analysis and imaging at nano level [8]. An electron gun at the top of the microscope emits 
the electrons that travel through vacuum in the column of the microscope. Instead o\ 
glass lenses (as shown in Fig. 2.3) focusing the light in the optical microscope, the TEM 
uses electromagnetic lenses to focus the electrons into a very thin beam. The electron 
beam then travels through the specimen we want to study. Depending on the density of 
the material present, some of the electrons are scattered and disappear from the beam. At 
the bottom of the microscope the unscattered electrons hit a fluorescent screen, which 
gives rise to a "shadow image" of the specimen with its different parts displayed in varied 
darkness according to their density. The image can be studied directly by the operator or 
photographed with a camera. 
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Fig: 2.3. Optical ray diagram with an objective lens showing the principle of the 
imaging process in a TEM. 
2.4.1 Configuration of TEM 
(a) Condenser system: A set-up of different magnetic lenses and apertures makes it 
possible to get either a parallel beam (micro probe for TEM) or a convergent beam with 
selected convergence angles (nano probe for STEM and CBED). Furthermore, the beam 
can be scanned (STEM) or tilted (DF-TEM). 
(b) Objective lens: Most important lens in the microscope since it generates the first 
intermediate image, the quality of which determines the resolution of the final image. 
(c) Diffraction/intermediate lens: Switching between imaging and diffraction mode. 
(c) Projective lenses: Further magnification of second intermediate image (image 
diffraction pattern, respectively). 
or 
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(d) Image observation: Images and diffraction pattern can directly be observed on the 
viewing screen in the projection chamber or via a TV camera mounted below the 
microscope column. Images can be recorded on negative films, on slow-scan CCD 
cameras or on imaging plates. 
2.4.2 Working Principle: 
Electron Microscopes (EMs) function exactly as their optical counterparts except 
that they use a focused beam of electrons instead of light to "image" the specimen and 
gain information as to its structure and composition. The basic steps involved in all EMs; 
A stream of electrons is formed (by the Electron Source) and accelerated toward the 
specimen using a positive electrical potential This stream is confined and focused using 
metal apertures and magnetic lenses into a thin, focused, monochromatic beam. This 
beam is focused onto the sample using a magnetic lens. Interactions occur inside the 
irradiated sample, affecting the electron beam. 
These interactions and effects are detected and transformed into an image. The above 
steps are carried out in all EMs regardless of type. A more specific treatment of the 
workings of two different types of EMs is described in more detail: 
1. The "Virtual Source" at the top represents the electron gun, producing a stream of 
monochromatic electrons. 
2. This stream is focused to a small, thin, coherent beam by the use of condenser 
lenses 1 and 2. The first lens (usually controlled by the "spot size knob") largely 
determines the "spot size"; the general size range of the final spot that strikes the 
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sample. The second lens (usually controlled by the "intensity or brightness knob" 
actually changes the size of the spot on the sample; changing it from a wide 
dispersed spot to a pinpoint beam. 
3. The beam is restricted by the condenser aperture (usually user selectable), 
knocking out high angle electrons (those far from the optic axis, the dotted line 
down the center) 
4. The beam strikes the specimen and parts of it are transmitted. 
5. This transmitted portion is focused by the objective lens into an image 
6. Optional objective and selected area metal apertures can restrict the beam; the 
objective aperture enhancing contrast by blocking out high-angle diffracted 
electrons, the selected area aperture enabling the user to examine the periodic 
diffraction of electrons by ordered arrangements of atoms in the sample. 
7. The image is passed down the column through the intermediate and projector 
lenses, being enlarged all the way. 
The image strikes the phosphor image screen and light is generated, allowing the user to 
see the image. The darker areas of the image represent those areas of the sample that 
fewer electrons were transmitted through (they are thicker or denser). The lighter areas of 
the image represent those areas of the sample that more electrons were transmitted 
through (they are thiimer or less dense). 
2.4.3 Modes of Operation 
There are various mode of TEM operation discussed below diffraction mode and 
imaging mode are schematically shown in Fig.2.4 
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Fig: 2.4 Difiraction and Imaging mode of TEM. 
in a single crystalline phase. Ni metal nano particles prepared by the thermal 
decomposition of Ni-oleylamine complexes transmission electron microscopy (TEM) 
reveals that these Ni nanoparticles posess highly monodisperse particle size distribution 
[10]. These monodisperse nanoparticles shown in Fig: 2.5 were obtained without going 
through any size selection process which is very important for large scale production. 
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(a) Bright Field Imaging 
When an incident electron beam strikes a sample, some of the electrons pass 
directly through, while others may undergo slight inelastic scattering from the transmitted 
beam. Contrast in an image is created by differences in scattering. By inserting an 
aperture in the back focal plane, an image can be produced with these transmitted 
electrons. The resulting image is known as a bright field image. Bright field images arc 
commonly used to examine micro-structural related features. 
(b) Dark Field Imaging 
If a sample is crystalline, many of the electrons will under go elastic scattering 
from the various (hkl) planes. This scattering produces many diffracted beams. If any one 
of these diffracted beams is allowed to pass through the objective aperture, an image can 
be obtained. This image is known as a dark field image. Quite often, in order to reduce 
spherical aberration and astigmatism and to improve overall image resolution, the 
diffracted beam will be deflected such that it lies parallel to the optic axis of the 
microscope. This type of image is said to be a centered dark field image [9]. Dark field 
images are particularly useftil in examining micro-structural detail in a single crystalline 
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Fig: 2.5 TEM images of (a) 2 nm (b) 5 nm (c) 7 nm sized Ni nano particles. 
2.5 Scanning Tunneling Microscopy (STM) 
The STM was first developed at the IBM Zurich Research Laboratory in Switzerland 
by Gerd Binnig and Heinrich Rohrer [11] in 1981. It was the first microscope, which 
could give 3D images of electrically conducting surfaces with resolution in the nanometer 
range. 
2.5.1 Principle of STM 
According to Tunneling effect quantum mechanical wave has finite probability to 
tunnel through a thin energy barrier of the height higher than the energy of the wave (Fig: 
2.6). Initially, quantum tunneling through thin insulating layers was studied by several 
workers but the idea of Binnig became an unprecedented success story when the atomic 
thin insulating barrier was removed by vacuum. The principle of a STM is illustrated in 
the following Fig:2.7. 
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Fig: 2.6 Tunneling through a thin potential barrier 
/ 
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Fig: 2.7. Illustration of scanning of metal tip over the surface under studx. 
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2.5.2 Working of STM 
The STM is an instrument which can create the images of the atomic resolution. 
The surface of the electrically conducting materials such as metals and semiconductors 
can be studied with its help. However, unlike optical microscopes the STM does not 
depends upon wave optics to form an image. Incongruously, it forms an image in a wa\ 
that is similar to the way a blind person can form a mental image of an object by feeling 
the object. The STM achieves this feat by scanning a metal needle, called the "tip". 
across a surface while maintaining the tip with in a few atomic diameters of the surface as 
shown in Fig: 2.7. This is done by making an electric current flow between the tip and the 
surface to be imaged. The magnitude of this electric current is very sensitive to the 
separation between the tip and the surface and thus can be used as a signal for stabilizing 
the height of the tip as the tip is moved laterally across the surface. By scanning the tip iii 
a raster pattern over the surface and recording the height of the tip, an image of the 
topography, or shape, of the surface can be recorded. Actually the STM tip is positively 
charged and acts as a probe when it is lowered to a distance of about Inm above the 
surface under study. Electrons at individual surface atoms are attracted to the positively 
charged probe wire and jump (tunnel) up to it, thereby generating a weak electric current. 
The probe wire is scanned back and forth across the surface in a raster pattern, in either a 
constant height mode, or a constant current mode. The principle of electron tunneling is 
quite old and was given by Giaever [12] in 1960. Binnig and Rohrer studied the electron 
tunneling through an empty space barrier with the two conductors being separated by 
nearly an atomic diameter such that there is not enough room for any atom to enter in 
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between the conductors. The electron tunneling together with lateral scanning provides 
surface images with an extraordinary resolution of less than 0.1 nm. 
In an actual experimental setup, a sharp metal tip acts as probe and a tunneling current 
is produced when the tip is brought close to the conducting surface to be investigated, the 
separation being < 1 nm. The magnitude of the tunneling current depends on the distance 
between the probe tip and the specimen and therefore the motion of the probe tip thus 
maps the contours of the specimen surface with atomic resolution. For this purpose the 
probe has to be moved in a very accurate and precise manner which is achieved by 
utilizing piezoelectric properties of the crystals whose physical dimensions change by 
varying voltage applied across the opposite faces. The probe tip may be moved back and 
forth across the surface in raster fashion in three alternative ways: 
i. Constant height mode 
ii. Constant current mode, and 
iii. Manipulation mode 
2.5.3 Constant Height Mode 
In the constant probe height mode the tip is constantly changing its distance from the 
surface, and this is reflected in variations of the recorded tunneling current as the probe 
scans as shown in Fig: 2.8. The feedback loop established the initial probe height, and is 
then turned off during the scan. The scanning probe provides a mapping of the 
distribution of the atoms on the surface. 
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Fig: 2.8 Constant height imaging mode of a STM. 
2.5.4 Constant Current Mode 
In the constant current mode the height of conducting tip above the sample surface is 
kept constant at each location, and the up / down probe variations are recorded. This 
mode of operation assumes a constant tunneling barrier across the surface as shown in 
Fig: 2.9. 
Tunneling 
cunrent 
Fig: 2.9. Constant current imaging mode of a STM 
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2.5.5 Manipulation Mode 
STM can be used for atom manipulation, which was accidentally discovered by Don 
Eigler and Paul Weiss [13] while studying the adsorption and ordering of Xenon on a 
platinum surface. They found that the probe tip might be used to control the position of 
an atom on the top of the surface (called "adatom"). 
In the manipulation mode the tip is brought close enough to the adatom to drag the 
adatom along the surface. The force exerted on the adatom by the tip is due to the 
partially formed chemical bond between the tip and the adatom. Just as the blind person 
can sense not only the shape of the object, but also its texture, compressibility and 
thermal conductivity, the STM can tell us much more about a surface than just its shape 
We can use it to study how the electrons in the near- surface layer have arranged 
themselves not only spatially, but also energetically. Even more remarkable, just as the 
blind person can push, pull, pick up and put down objects on a table top, so too can we 
push, pull, pick up and put down surface atoms using the tip of the microscope. 
In the manipulation mode, the force between the tip and the adatom becomes 
large enough to move the adatom along the surface and place it at the desired location. 
Eigler et al [14] utilized this knowledge to demonstrate the ability to assemble molecules 
from their constituent atoms. Thus with STM they proved the bottom-up construction as 
predicted by Feynman was indeed a reality! They further demonstrated the capability of 
atom manipulation by constructing a molecule made of eight cesium and eight iodine 
atoms by bringing one atom at a time by STM. 
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2.6 Atomic Force Microscopy (AFM) 
Atomic force microscopy [15] is a powerful technique for probing the surface of the 
thin film and deducing valuable information of its topological features, fast and 
accurately. AFM operates by scanning a very sharp and tiny tip attached to the end of a 
cantilever across the sample surface (Fig: 2.10). The tip approaches the surface of the 
sample and interacts with it via Van der Waals forces. The interaction translates in a 
cantilever deflection or a change in the cantilever's oscillating frequency, depending on 
the operational mode of the AFM.- contact or tapping. The deflection or the frequency 
changes of the cantilever are detected by an optical system consisting of a laser beam, 
which is reflected on the cantilever. The vertical and the horizontal deflections are 
measured using a split photodiode detector that analyses the reflected beam. The 
displacement of the cantilever in the three directions is done by means of a piezoelectric 
scanner, combining independently operated piezo-electroci :s, for X, Y and Z direction 
into a single tube. The two operating modes that have been used, contact-AFM and 
tapping-AFM, are described in more detail in the following text. 
2.6.1 Contact Mode AFM 
As we have mentioned the changes in the cantilever's deflection are monitored with a 
split photodiode detector as the tip is scanning the sample surface [16]. A feedback loop 
maintains a constant deflection between the cantilever and the sample by vertically 
moving the scanner at each data point to maintain a 'set-point' deflection. By maintaining 
a constant cantilever deflection, the force between the tip and the sample remains 
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constant. The force F is calculated from Hooke's law: F = -k x, where k is the spring 
constant and x is the deflection. Spring constants usually range from 0.01 to 1.0 N ni, 
resulting in forces ranging from «N to /xN. The distance that scanner moves vertically at 
each point (x, y) is stored by the computer to form the topographic images of the surface. 
2.6.2 Tapping Mode AFM 
In tapping mode, the cantilever is oscillated near its resonance frequency with the 
amplitude ranging typically from 20 to 100 nm. The tip lightly 'taps' the surface while 
scanning, contacting the surface at the bottom of its swing. The feedback loop maintains 
constant oscillation amplitude by maintaining a constant RMS of the oscillation signal 
acquired by the split photodiode detector. In order to maintain constant oscillation 
amplitude the scanner has to move vertically at each point (x, y). The vertical position of 
the scanner is stored by the computer, to form the topographic image of the sample 
surface. 
I'vtdhrtck loop 
Split photodiode 
detector 
Fig: 2.10 Schematic diagram of Atomic Force Microscope (AFM) 
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Chapter III 
Results and Discussion 
Introduction 
In this chapter we discuss about the characterization of the nanoparticles of 
different materials (W, Ni, and Fe). The particle size and the surface morphology are 
presented here and their SEM, TEM and AFM pictures are displayed. A brief discussion 
on the result is as follows. 
Figure 3.1 shows the UV absorption spectra of iron oxide nanoparticles obtained 
from the pulsed laser ablation of iron powder by excimer laser through methanol. It was 
irradiated different times (2.5, 5 and 10 min) as shown in Fig. 3.1. The absorption is more 
• 2.5 min 
• 5.0 min 
A 10 min 
200 300 400 500 600 
Wavelength (nm) 
700 800 
Fig: 3.1 UV absorption spectra of iron oxide nanoparticles synthesized with different 
ablated times in methanol. 
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for higher irradiation time. This concludes that with longer time laser exposure, we get 
more nanoparticles. The initial products were collected from the solution for different 
times of ablation (called unannealed) as displayed in Fig. 3.2. Then the product was 
annealed for another 10 minutes with laser irradiation. It is found that the absorption for 
annealed samples is more than that for unannealed one (Fig. 3.2). That also confirms that 
with more exposure, we get more nanoparticles. 
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Fig: 3.2 UV absorption spectra of 248 nm laser unannealed iron oxide nanoparticles 
(annealing time 10 minutes). 
The laser ablated (7.5 min) material was collected and UV spectra were taken (Fig. 3.3). 
The UV spectra of the same material were taken after 60 minutes. It is found that it does 
not change much with time as displayed in Fig. 3.3. 
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ablated for 7.5 min 
after 60 min of ablation 
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Wavelength (nm) 
Fig: 3.3 UV absorption spectra of aged iron oxide nanoparticles. 
Figure 3.4 shows the SEM image of tungsten (W) nanoparticles obtained by laser 
ablation of tungsten powder for 10 minutes in methanol. The maximum particle sizes of 
diameter are ~ 25-30 nm. The histogram of the particle size with the number of the 
particles obtained from Fig: 3.4. is displayed in Fig: 3.5. The histogram (Fig. 3.5) also 
displays that the particle number is minimum for 10-20 nm and 45-60 nm. 
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H^: 3.8 ITVl Image of Ni nanoparticles in v\aie! 
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Figure 3.6 demonstrates the SEM image of iron oxide nanoparticles obtained by 
laser ablation of iron powder in water. The image shows the maximum particles 
are of diameter of 40-45 nm as obtained from the histogram (Fig. 3.7). Here also 
the particles with size above 60 and below 30 nm are minimum. 
Fig: 3.6 SEM image of'Fe' nanoparticles in water 
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Fig: 3.7 Histogram of'Fe' nanoparticles in water 
Figure 3.8 shows TEM image of Ni nanoparticles obtained by laser ablation in water. The 
nanoparticles are not uniformly distributed. The data of the particles size with the number 
of particles is plotted in the form of a histogram in Fig: 3.9. 
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Fig: 3.8 TEM Image of Ni nanoparticles in water 
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Histogram (Fig: 3.9) shows that the maximum number of particles are of the diameter 
ranges in between 3.5- 4.0 nm. The particles size of Ni is much less than those of W and 
iron oxide. 
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Fig: 3.9 Histogram of Ni nanoparticles in water 
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Figure 3.10 shows the selected area electron diffraction (SAED) pattern of Ni 
nanoparticles whose TRM image is shown in Fig. 3.8. The diffraction pattern 
demonstrates that the sample is crystalline in nature. Particles can also be seen in 
the form of bright spot. 
Fig: 3.10 SAED pattern of Ni nanoparticles 
3D AFM images of Ni nanoparticles are 2D and displayed respectively in Figures 3.11 
and 3.12. Here also we can see clearly the distributed Ni nanoparticles. 
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Fig: 3.11 2D AFM image of Ni nanoparticles 
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Fig: 3.12 3D AFM image of Ni nanoparticles 
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Chapter IV 
Conclusions and List of Publication 
Conclusions 
Results of our study of the structural properties and surface morphology of 
Tungsten (W), nickel (Ni), and iron oxide nanoparticles may be summarized as follows. 
The nanoparticles of above mentioned materials are obtained by pulsed laser ablation in 
water and methanol with different irradiation times. These are characterized by IR 
spectroscopy, SEM, TEM , SAED and AFM techniques. The obtained results are: 
1. UV absorption spectra of iron oxide nanoparticles synthesized with different ablated 
times in methanol shows that absorption of the light increases as increase in the 
ablation time 
2. Absorption also increases with increase in the annealing time. 
3. SEM image of Tungsten (W) nanoparticles and its histogram is showing that 
maximum particles are of diameter 25-30 nm and least particles are of the diameter 
10-20 nm as well as 45-60 nm. 
4. SEM image of iron oxide nanoparticles and its histogram reveals that maximum 
particles diameter of 40-45 nm and minimum are with size above 60 and below 30 
nm. 
5. TEM Image of Ni nanoparticles and its Histogram show that maximum number of 
particles are of the diameter ranges in between 3.5- 4.0 nm. 
6. Diffraction pattern of Ni nanoparticles shows the crystalline nature of Ni 
nanoparticles. 
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7. 2D and 3D AFM images are showing the surface morphology of Ni nanoparticles and 
their distribution. 
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